A multicentre study of computer aided diagnosis for patients with acute abdominal pain was performed in eight centres with over 250 participating doctors and 16737 patients. Performance in diagnosis and decision making was compared over two periods: a test period (when a small computer system was provided to aid diagnosis) and a baseline period (before the system was installed). The two periods were well matched for type of case and rate of accrual.
Introduction
Several studies have already been performed using the acute abdominal pain program first reported in 1972 from Leeds. Each has shown an improvement in diagnostic accuracy (McAdam, unpublished report)," and it has been claimed that such systems would have considerable impact if introduced more widely. This multicentre trial was therefore set up to test the hypothesis that the acute abdominal pain program could be transferred to various types of hospital; that it could be used by doctors with no previous experience of microcomputers; and that clinical and financial benefit would result.
Patients and methods

STRUCTURE OF TRIAL
The project was carried out in eight participating centres under the direction of a project leader (usually a consultant surgeon) in each centre. Data analysis was undertaken by the clinical information science group of the University of Leeds. The eight centres where a computer system was installed and the effects assessed were chosen to represent a range of National Health Service activity, ranging geographically from the north east to the south coast and including both urban and rural populations. TRIAL 
DESIGN
In four (mode A) centres we tried to replicate earlier experiments at Airedale and Leeds. In these hospitals data from a baseline period of about one year (immediately preceding installation of the system or a prototype) were compared with data from a test period of two years.
In the remaining four (mode B) centres the purpose of the experiment was more complex; we also wanted to assess the various contributions made by data collection forms, computer analysis, and feedback of performance to individual doctors. Therefore the 112 doctors concerned were divided into four groups. One group used structured data collection forms; the second used forms and personal computers; the third used forms and received feedback about their performance but did not use personal computers; and the fourth group used forms and personal computers and received feedback.
PATIENTS
During the baseline period 4075 cases were studied and in the test period 12662 cases were studied: a total of 16737 patients suffering from acute 800 abdominal pain of less than one week's duration at presentation to hospital was seen (table I). The age and sex distribution was similar in the various centres, as was the breakdown by diagnostic category. These variables, together with the accrual rate, were similar also in each centre during baseline and test periods.
Secondly, direct costs within these overall average total costs are those of actual resources, such as investigations or laparotomy, which are consumed by use and hence saved by non-use. 
METHODS OF COMPUTER USE
An attempt was made to use a common method of operating the computer aided system.' For the purposes of data gathering by individual doctors a specific data collection form was provided. Each computer (most commonly Commodore PET 8032 or Apple Ile) was provided with software based on programs already developed by the Leeds group,' information from each new patient being compared (via a probabilistic analysis using Bayes's theorem) with data on 6000 patients from 13 countries.6 EVALUATION Each patient presenting with acute abdominal pain was followed until discharge from hospital or death. ' Details concerning diagnostic predictions and patient progress were forwarded to the coordinating centre for analysis using the Amdhal VM7 computer of the University of Leeds with the SPSS/X statistical package. Each set of patient data was checked independently by at least two people. When differences in interpretation were noted the data were returned to the project leader in the relevant centre for review. In addition, range, logic, and random data checks were instituted.
The evaluation of aids for making clinical decisions has been the subject of lively debate.7 The statistical issues raised in this study are discussed in a separate footnote. Many categories for evaluation are selfexplanatory; some, however, warrant additional clarification.
Initial diagnostic accuracy measured the diagnostic accuracy of the first doctor to see each case (house surgeon in four centres, senior house officer in the rest). An accurate diagnosis occurred when this initial diagnosis matched the final (discharge) diagnosis, according to criteria decided in advance by consensus view of the project leaders. When no diagnosis at all was made this was counted as an error.
Accuracy after investigation compared (using the same criteria) the diagnosis arrived at by the surgical team after investigation and consultation with the final diagnosis.
Bad diagnostic error was a concept introduced to reflect the reality that not all errors were of equal gravity. A bad diagnostic error was an initial diagnosis which suggested a non-surgical condition (or no initial diagnosis at all) in a patient whose condition was eventually found to warrant emergency surgery.
Bad management error was an actual decision which delayed necessary surgery for 24 hours (or otherwise placed the patient's life at risk).
Perforated appendix rate measured the proportion of patients with genuine appendicitis whose appendix had already perforated when the abdomen was opened.
Negative laparotomy was one where no condition warranting emergency surgery was found at operation. Usually a histopathologically normal appendix was removed.
National Health Service costings are notoriously difficult to measure, as "freed resources" may in practice lie idle and be wasted. This problem is discussed in detail elsewhere (McIntyre et al, unpublished report). Some general costs relevant to the present project, however, are, firstly, average total revenue cost per inpatient day, which is the cost of keeping a single patient in hospital for a single day. This is estimated at around £85 for acute hospital beds during 1983-4 (though higher for acute surgical beds).
Results
DIAGNOSTIC ACCURACY
Initial diagnostic accuracy improved from 45 6% during the baseline period to 6533% during the test period (table II) . Accuracy after investigation also improved (from 57-9% to 74 2%), and the rate of bad diagnostic error fell from 633% to 2-7%. This improvement was partly explained by a significant decrease (from 14 0% to 2/0%) in the number of cases where no diagnosis at all was made by the first doctor to see the patient (p<0 001).
The proportion of firm but wrong initial diagnoses, however, also fell significantly (from 44 0% to 31 3%; p<0 001). Moreover, an initially incorrect diagnosis was more likely to be corrected by consultation and review during the test period than during the baseline. Despite diversity of locality and admitting procedures, there was considerable consistency between the trends shown in each centre in the trial (fig 1) . to 166 out of 1611 (11-5%) during the test period (p 0 001) (fig 2) . The fall in the perforation rate for appendicitis was associated with the finding that patients with appendicitis came to surgery earlier during the test period. Negative laparotomies-The number of laparotomies with negative findings fell from 313 cases a year during the baseline period to 174 cases a year during the test period. Among patients presenting directly to the surgical wards, the negative laparotomy rate fell from 96 out of 382 patients with non-specific abdominal pain (25 2%) during the baseline period to 66 out of 643 (1044%) during the test period (p<0001). In hospitals where patients were admitted to hospital via the accident and emergency department during the baseline period 2411 patients with non-specific abdominal pain presented and 228 (9-5%) came to surgery. During the test period 7161 presented and 399 (566%) came to surgery (p<0001).
BRITISH MEDICAL JOURNAL VOLUME 293 27 SEPTEMBER 1986 Bad management errors during the baseline period were made in 0-9% of the patients. During the test period this rate of error fell to 02% (p<0-001).
Mortality fell from 1 20% during the baseline period to 0-92% during the test period (p=0 34). Mortality associated with a bad management error (though not common) fell by four fifths (from 0 17% to 0 04%) (p=0 04).
USE OF RESOURCES
Admission rates-When the computer was placed in the accident and emergency department, and this was the department that normally accepted acute admissions, fewer patients with acute abdominal pain were admitted to hospital (table III) . Rates of stay in hospital were reduced. For patients with non-specific abdominal pain the mean stay fell from 4-0 days during the baseline period to 3-3 during the test period (p<0001). For patients with appendicitis it fell from 6-7 days to 5-4 days (p<0001). The saving in terms of hospital bed nights resulting from all these trends was calculated at 4258 bed nights per year: this was equivalent to 8516 bed nights in these hospitals during the course of the trial.
Special investigations-Some reduction was noted in the use of special investigations. Overall during the baseline period 2 4 tests per patient were performed. During the test period this figure fell to 2-0 per patient.
Financial implications-Despite difficulties in measuring the financial savings, clearly the trends described above resulted in considerable savings. Taking values provided by the economic adviser's office of the Department of Health and Social Security as a guide,' the average total revenue cost saved in association with the project was estimated at £748 000 over two years. On a national basis (were these results to be repeated more widely) this would imply an average total revenue saving of £23m a year to the National Health Service. When direct cost savings were combined-for example, savings associated with fewer laparotomies, shorter stay, fewer investigations-the estimate of costs saved by the project were £210000 over two years. Nationally these values implied a direct cost saving of about £5m a year to the National Health Service. Against these figures should be set the cost of the system (£2500 hardware plus £500 per year maintenance and service) and in some centres the salary of a project assistant, usually part time, whose cost averaged £3000 per centre per year. DIFFERENT 
SYSTEMS
When forms alone were used initial diagnostic accuracy improved over baseline, from 45-7% to 56 7%. When forms were used and use of personal computers encouraged a further rise in initial diagnostic accuracy was noted (to 64-8%). When all three modes were provided (forms, computer, and feedback) initial diagnostic accuracy was consistently high. All hospitals achieved an average of 68% or higher. Figure 3 Compliance-According complete a structured data completed for 9751 of these was encouraged to obtain in practice. More accurate diagnosis by the first doctor to see each patient seems to have led to a higher diagnostic accuracy on the part of more senior doctors, fewer inappropriate admissions and operations, speedier operation for those needing it, and a reduction in hospital admission and stay rates.
The number of deaths in each period was rather small, and the reduction during the trial period did not reach significance. When these data are taken in conjunction with the significant reduction in bad management error rates, however, it can be argued that the improved decision making performance observed during the trial was associated with a significant reduction in risk to the patient.
Demonstrable savings in National Health Service resources also appear to have been associated with the system's introduction.
These savings are open to differences of interpretation-for example, they may be expressed in financial terms or in terms of release of facilities for other purposes, such as reducing waiting lists for elective surgery. It seems reasonable to conclude, however, that benefits clearly outweighed costs by a wide margin. Doctors' reactions to the system were mixed, though most were broadly in favour. The major drawback appeared to be the time taken to use the system when the house surgeon or senior house officer was busy. This was partly associated with the use ofcurrently obsolescent and rather slow computers. A project assistant, who could help at such times, follow up cases, and feed back the results of treatment, proved valuable in several centres.
It would be a major disadvantage if doctors using computer aided decision support systems were to "fall under the spell" of the Finally, and particularly, we thank our clinical colleagues, both those who contributed to the development of the system and those whose experience is reported here. There are several important aspects in which trials of this type differ from classical multicentre therapeutic studies.7 Firstly, it is not reasonable to allocate randomly patients to intervention or non-intervention groups; such a device would be very difficult to organise and would entail an unnatural use ofthe system, but, more importantly, the object ofsuch an educational intervention is the doctor rather than the patient. With doctors as the "experimental unit" some adjustment is necessary to the p values associated with tests on patient statistics; this design effect is often ignored8 but is fairly simple to implement.9'0 Secondly, the use of a baseline control group required special attention to ensure that patient mix and accrual were the same as in the test period and that no changing outside factor had influenced the results. The awareness of being studied can improve behaviour (the Hawthorne effect) but the staggered design in mode B hospitals corrected for this.
Finally, the signiflcance of pooled results over centres was calculated by means of the stratification technique for pooling clinical trials described by Collins et al (1985) ."
